Introduction
============

Tranexamic acid (TXA) has been shown to be effective in reducing blood loss, hemoglobin (Hb) drop and blood transfusion in primary total knee arthroplasty[@b1-ksrr-29-057]--[@b5-ksrr-29-057]. Most studies used the intravenous form[@b6-ksrr-29-057]--[@b9-ksrr-29-057] or the intraarticular topical form[@b10-ksrr-29-057]--[@b12-ksrr-29-057]. Both forms were shown to be equally effective[@b13-ksrr-29-057],[@b14-ksrr-29-057]. While TXA is very safe to use with no evident increase in mortality or life threatening thromboembolic events[@b4-ksrr-29-057],[@b15-ksrr-29-057],[@b16-ksrr-29-057], drug allergy with anaphylactic shock has been reported with the intravenous form[@b17-ksrr-29-057]. The topical form carries the theoretical risk of periprosthetic infection due to needle contamination and may aggravate sepsis[@b18-ksrr-29-057]. Also the effect of topical application on cementation and the longevity of prosthesis are still not confirmed. On the other hand, oral form has been shown to be equally[@b19-ksrr-29-057]--[@b24-ksrr-29-057] or even more effective[@b25-ksrr-29-057] in primary total knee and hip arthroplasty to reduce blood loss, Hb drop and blood transfusion. It was estimated to be more cost effective than the intravenous form[@b21-ksrr-29-057],[@b25-ksrr-29-057]. Despite these apparent advantages, only six clinical studies reported the use of oral TXA in total knee arthroplasty in English literature to our knowledge. Only two randomized controlled trials (RCTs) compared oral TXA with no treatment[@b19-ksrr-29-057],[@b22-ksrr-29-057], and both had small case numbers.

The aim of this study was to assess primarily the blood sparing efficacy of the oral form of TXA in primary total knee arthroplasty and secondarily the safety of the drug. The null hypothesis was that there was no difference in blood loss in patients with oral TXA compared with those without.

Materials and Methods
=====================

The study was a prospective RCT. All patients with primary total knee arthroplasty performed in our institute from January 2015 to October 2015 were eligible for selection. Cases were allocated by random number into a trial group (oral TXA group) or a control group. The oral TXA group was given 1 g oral TXA 2 hours before induction of anesthesia and then two more doses 6 hours and 12 hours postoperatively. The control group was not given TXA. Allocations were blinded to the surgeons and outcome assessors.

Exclusion criteria were patients with absence of written informed consent, bilateral arthroplasties, complicated primary total knee arthroplasty with previous osteotomy, simultaneous fracture fixation, implant removal or bone grafting, thromboembolic diseases, presence of clotting disorder or current treatment with an antiplatelet agent, anticoagulant or deep vein thrombosis (DVT) prophylaxis in the perioperative period, renal disease and history of allergy to TXA.

All arthroplasties were performed through the medial parapatellar approach with the use of a tourniquet, a posterior-stabilized implant, a bone plug in the intramedullary canal or navigation without canal violation, cementation, hemostasis with a tourniquet on, a compression bandage, suction pressure drainage at 200 mmHg for 24 hours, and a foot pump for DVT prophylaxis.

The primary outcome measure was Hb drop. Secondary outcome measures included intraoperative blood loss, drain output, total blood loss (TBL), hidden blood loss, transfusion requirement, thromboembolic complications, cerebrovascular or cardiovascular complications and 30-day mortality. All cases had Doppler ultrasonography on postoperative day 7 to detect any proximal DVT.

The lowest postoperative Hb level during hospital stay was used for comparison and calculation of Hb drop. Estimated blood volume (BV) was calculated using the Nadler et al.[@b26-ksrr-29-057] method while TBL was calculated according to the Hb balance method: TBL=BV×(Hb~i~−Hb~e~)/Hb~i~ where Hb~i~ (g/dL) was the preoperative serum Hb level, and Hb~e~ (g/dL) was the postoperative serum Hb level.

Hidden blood loss was the difference between TBL and drain output. Measurement of intraoperative blood loss was not done because the routine use of tourniquet for the whole procedure had resulted in negligible amount. The serum Hb level for transfusion trigger was 8 g/dL. The aim of blood transfusion was to top up the serum Hb level to 10 g/dL.

There were 319 patients with primary total knee arthroplasties performed in the period from January 2015 to October 2015 ([Fig. 1](#f1-ksrr-29-057){ref-type="fig"}). Forty-six patients had bilateral arthroplasties, 8 had complex arthroplasty with previous osteotomy, simultaneous fracture fixation, implant removal or bone grafting. Forty-two had a history of thromboembolic disease or were on current treatment with an antiplatelet agent or an anticoagulant, 9 had DVT prophylaxis, 11 had renal disease, and 14 had absence of written informed consent. They were excluded from the study. After exclusion, the remaining 189 patients were randomly allocated into the oral TXA group (n=94) and the control group (n=95). All allocated patients completed follow-up. The mean follow-up duration was 8.2 months (range, 4 to 13 months).

The mean age was 70 in the oral TXA group and 68 in the control group (p\<0.05) ([Table 1](#t1-ksrr-29-057){ref-type="table"}). There was no other significant difference between two groups in the baseline characteristics including body weight, height, body mass index, preoperative Hb, estimated BV (according to the method by Nadler et al.[@b26-ksrr-29-057]) and operation time.

1. Statistical Analysis
-----------------------

The sample size was aimed at around 90 in each group based on the following calculations.

The primary outcome measure used for calculation was postoperative Hb drop, which was found to be around 2.5 g/dL (standard deviation 1 g/dL) without TXA according to recent studies[@b10-ksrr-29-057]--[@b12-ksrr-29-057] and historical data of our institute. The reported postoperative Hb drop after intravenous or topical TXA was around 1.5--2.0 g/dL[@b10-ksrr-29-057]--[@b12-ksrr-29-057]. Based on the assumption that oral form was as effective as intravenous form, 2.0 g/dL was used for calculation to ensure adequate power of analysis. A two-tailed test was used with an alpha value of 0.05 and a power of 0.90. The attrition rate due to patient refusal was assumed to be 5%. Statistical analysis was performed with IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA). Univariate analysis of numerical data was performed with Student *t*-test. p\<0.05 was considered statistically significant. The study was approved by the Institutional Review Board.

Results
=======

On the outcome measures ([Table 2](#t2-ksrr-29-057){ref-type="table"}), the oral TXA group had a significantly higher postoperative Hb level (11.9 g/dL vs. 11.2 g/dL), lower Hb drop (1.7 g/dL vs. 2.5 g/dL), lower drain output (154 mL vs. 203 mL), lower hidden blood loss (244 mL vs. 423 mL) and lower TBL (398 mL vs. 626 mL). There was no difference in the transfusion rate (1.1% vs. 3.2%) and the rate of thromboembolic complications between groups. There was no cerebrovascular or cardiovascular complication in both groups. No infection or 30-day mortality occurred in both groups.

One proximal DVT occurred in the oral TXA group and one pulmonary embolism occurred in each group. The patient with proximal DVT in the oral TXA group was also one of the patients with pulmonary embolism. Both patients with pulmonary embolism presented with respiratory distress and the diagnosis was confirmed with contrast spiral computed tomography of the thorax. They were successfully treated with oxygen support and anticoagulant.

Discussion
==========

The most significant finding of the present study is the significant reduction of Hb drop, drain output, hidden blood loss and actual TBL postoperatively with the use of oral TXA compared with no anti-fibrinolytic drug treatment. There were only six studies on oral TXA in total knee arthroplasty in English literature. Two were cohort studies on both total knee and total hip arthroplasties[@b23-ksrr-29-057],[@b25-ksrr-29-057], two were RCTs comparing the oral versus intravenous form[@b20-ksrr-29-057],[@b21-ksrr-29-057], only the remaining two were RCTs comparing the oral form versus no treatment[@b19-ksrr-29-057],[@b22-ksrr-29-057]. The present study may be the third and the largest RCT in English literature to compare the blood sparing efficacy of oral TXA with no treatment in primary total knee arthroplasty.

Zohar et al.[@b20-ksrr-29-057] was the first to report less drain output, less transfusion requirement and lower hematocrit drop in total knee arthroplasty compared with no treatment; Bradshaw et al.[@b19-ksrr-29-057] reported similar findings. Irwin et al.[@b25-ksrr-29-057] reported less transfusion requirement compared with the intravenous form in a heterogeneous group of patients with total knee or total hip arthroplasty while McGrath et al.[@b23-ksrr-29-057] reported less Hb drop and transfusion compared with no treatment also in a heterogenous knee and hip replacement population. Recently, Alipour et al.[@b22-ksrr-29-057] reported less hematocrit drop and less blood loss compared with no treatment in total knee arthroplasty, while Fillingham et al.[@b21-ksrr-29-057] reported equivalence between the oral and intravenous forms in Hb drop and blood loss. The use of intravenous or topical TXA in total knee arthroplasty is well-supported by various meta-analyses and RCTs. The blood sparing efficacy was reflected in reduction in Hb or hematocrit drop and reduction in blood loss and transfusion requirement. Hematocrit drop reduction was reported to be around 0.02[@b11-ksrr-29-057],[@b20-ksrr-29-057] while Hb drop reduction was around 0.8--1.4 g/dL[@b10-ksrr-29-057],[@b11-ksrr-29-057]. The present study was able to show a reduction of Hb drop of 0.8 g/dL. Similarly, McGrath et al.[@b23-ksrr-29-057] showed a significant reduction of Hb drop of 0.76 g/dL with oral TXA.

The mean reduction in blood loss with intravenous or topical TXA was around 125 mL intraoperatively, 250 mL postoperatively and around 170--500 mL in total blood loss[@b1-ksrr-29-057],[@b3-ksrr-29-057],[@b5-ksrr-29-057]. The present study showed a reduction of 179 mL in hidden blood loss and 228 mL in total blood loss. Similarly, Alipour et al.[@b22-ksrr-29-057] reported a significant reduction of 224 mL at 24 hours postoperatively with oral TXA. Both results suggested oral form having comparable blood sparing efficacy as the intravenous or topical form.

There was no significant reduction of transfusion requirement in the present study (1.1% vs. 3.2%). The low transfusion requirement in both groups could be explained by the high postoperative Hb level (11.9 g/dL and 11.2 g/dL, respectively) which was much higher than the transfusion trigger of 8 g/dL. In contrast with the high baseline transfusion rate (15.7%) reported by Mc-Grath et al.[@b23-ksrr-29-057], the low baseline transfusion rate (3.2%) of the present study would render the difference insignificant. Nevertheless, Irwin et al.[@b25-ksrr-29-057] even reported a lower risk of transfusion with oral TXA compared with intravenous TXA (odds ratio 0.48).

The cost of using oral TXA has been shown to be much lower than the intravenous form. Irwin et al.[@b25-ksrr-29-057] estimated a reduction of USD 2.59 per patient. Fillingham et al.[@b21-ksrr-29-057] reported the cost per patient for intravenous TXA was USD 47--108 as opposed to USD 14 for oral TXA, which was equivalent to 3.4 to 7.7 times reduction in cost for the oral form. In the present study, the cost for a single shot of 1 g intravenous or topical TXA was around USD 8.34, while it was only around USD 0.55 for three doses of 1 g oral TXA. This was equivalent to 15 times reduction in drug cost or an absolute saving of USD 7.80 per patient.

There is no consensus on the regimen of oral TXA in literature. Pilbrant et al.[@b27-ksrr-29-057] estimated the bioavailability to be around 34% and elimination in blood occurred mostly within 8 hours. His study demonstrated that a dose of 2 g oral form produced higher plasma concentration than 1 gm intravenous form at six hours after administration in a 70 kg volunteer. The present study used a regimen of 1 g oral TXA 2 hours before induction of anesthesia and then two doses at 6 hours and 12 hours postoperatively in patients with a mean body weight of 66 kg. This was similar to the regimen described by Zohar et al.[@b20-ksrr-29-057]. The only difference was that there were three postoperative doses instead of two. Irwin et al.[@b25-ksrr-29-057] described a regimen of a single dose of 25 mg/kg 2 hours before induction of anesthesia; it was equivalent to 1.65 g for the average body weight of 66 kg in the present study. In contrast, Bradshaw et al.[@b19-ksrr-29-057] used a regimen of four 1.5 g doses given six-hourly with the first three doses given preoperatively. Since it has been shown that fibrinolysis peaks 6 hours after the end of surgery and is maintained for about 18 hours after surgery[@b28-ksrr-29-057], the single dose described by Irwin et al.[@b25-ksrr-29-057] raises the risk of inadequate drug plasma concentration by 18 hours. From the perspective of balancing risks and benefits, the 4-dose regimen seems too long in view of the theoretic risk of DVT. The present study therefore used a regimen with duration in the medium range.

Although the intravenous form has been shown to be safe and effective, there is a real risk of anaphylactic shock[@b17-ksrr-29-057]. So far, the allergic reactions reported for the oral form were milder and slower onset[@b29-ksrr-29-057],[@b30-ksrr-29-057]. The oral form in this context seems to be a better choice than the intravenous form, provided drug efficacies are similar. The present study successfully demonstrated a significant blood sparing efficacy of the oral form, which is comparable to that of the intravenous form in various studies.

Topical administration has become popular recently because theoretically it could avoid thromboembolic risk associated with systemic administration. However, it has increased the theoretical risk of periprosthetic infection due to bacterial contamination during needle aspiration and dilution for the drug. An alarming report by Klak et al.[@b18-ksrr-29-057] showed that TXA could aggravate staphylococcal septic arthritis and sepsis. Based on this theoretical risk of introducing infection by direct application of drug to the joint and the potential of even aggravating sepsis, we advocate the use of oral form considering similar efficacies between the two forms.

The present study did not show significant difference with the intravenous or topical form in the incidence of postoperative complications including thromboembolic events. However, this could be due to the inadequate sample size which was based on calculation of the therapeutic effect size rather than the adverse effect size of the drug. All previous studies on TXA suffer similar limitations such that more clinical trials are called for to accumulate adequate pooled sample size for analysis for the thromboembolic risk. Future RCTs on oral TXA should compare the efficacy between different forms of drug. Meta-analyses on oral TXA are lacking and required to address the drug safety issue.

Conclusions
===========

The present study shows that oral TXA is effective in blood sparing in terms of reduction of Hb drop, drain output, hidden blood loss and total blood loss. It is safe to use and is an alternative to the intravenous or topical form.
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###### 

Baseline Characteristics

  Characteristic           Oral TXA group (n=94)   Control group (n=95)   p-value
  ------------------------ ----------------------- ---------------------- --------------------------------------------------
  Age (yr)                 70±8                    68±8                   0.04[a)](#tfn3-ksrr-29-057){ref-type="table-fn"}
  Sex (F), mean (%)        67.4                    69.1                   0.793
  Body weight (kg)         66.1±11.7               67.3±11.5              0.502
  Height (m)               1.54±0.08               1.54±0.09              0.902
  BMI (kg/m^2^)            27.7±4.1                28.4±4.3               0.299
  Preoperative Hb (g/dL)   13.6±1.3                13.8±1.2               0.270
  Blood volume (mL)        3,035±514               3,079±487              0.545
  Operation time (min)     90±18                   92±15                  0.394

Values are presented as mean±standard deviation.

TXA: tranexamic acid, BMI: body mass index, Hb: hemoglobin.

p\<0.05.

###### 

Outcome Measures

  Characteristic            Oral TXA group (n=94)   Control group (n=95)   p-value
  ------------------------- ----------------------- ---------------------- -----------------------------------------------------
  Postoperative Hb (g/dL)   11.9±1.4                11.2±1.3               0.001[a)](#tfn6-ksrr-29-057){ref-type="table-fn"}
  Hb drop (g/dL)            1.7±0.8                 2.5±0.9                \<0.001[a)](#tfn6-ksrr-29-057){ref-type="table-fn"}
  Drain (mL)                154±77                  203±77                 \<0.001[a)](#tfn6-ksrr-29-057){ref-type="table-fn"}
  Hidden blood loss (mL)    244±193                 423±270                \<0.001[a)](#tfn6-ksrr-29-057){ref-type="table-fn"}
  Total blood loss (mL)     398±186                 626±265                \<0.001[a)](#tfn6-ksrr-29-057){ref-type="table-fn"}
  Transfusion rate (%)      1.06                    3.16                   0.621
  Length of stay (day)      5.9±2.2                 5.8±1.7                0.612
  Proximal DVT (%)          1.1                     0                      0.497
  PE (%)                    1.1                     1.1                    1.000
  Infection (%)             0                       0                      \-
  Mortality (%)             0                       0                      \-

Values are presented as mean±standard deviation.

TXA: tranexamic acid, Hb: hemoglobin, DVT: deep vein thrombosis, PE: pulmonary embolism.

p\<0.05.
